Abstract: This research is a trial to demonstrate a range of capacities of some indoor plants to improve indoor air quality (IAQ) through their role in reducing total number of indoor microbiome. Besides to improve oxygen content and unipolarity coefficient factor (UCF). Plant materials were Aspidistra elatior; Chlorophytum comosum; Dracaena fragrans; Dracaena marginata; Epipremnum aureus and Syngonium podophyllum. Results revealed that the higher impact of plants on the bacteria was observed with Dracaena marginata plant and the less impact to Dracaena fragrans plant. Oxygen percentage and UCF were higher with the presence of indoor plants than those in control treatment.
INTRODUCTION
Indoor environments provide new habitats and residence to numerous microbial communities comprising possibly hundreds of individual bacterial, archaeal and fungal species including diverse viruses, which can result in respiratory disorders and other adverse health effects (Berg et al., 2014) . Houseplants improve the quality of indoor air. There are many substances of plant origin as phytoncides, which express diverse biostatic activity in relation to microbiome (Alsam et al, 2009) . Phytoncides ionize the oxygen in the air, thus increasing its biological activity, promote settling of dust particles, reduce the electric index of air pollution and neutralize microorganisms in the air (Lim et al., 2015) . Indoor microorganisms affect human health as allergenic agents (Hanski et al., 2012) . Little is known about the impact of houseplants on indoor microbes, it is our opinion that both outside and inside plants are of importance. Some of indoor plants have demonstrated filtration properties that reduce the presence of airborne bacteria.
Plants that reduce indoor bacteria improve the overall indoor air quality (IAQ). In general, no plant is able to completely eliminate bacteria (Koriesh, 2001; Wolverton and Wolverton, 1996) . Geraniums and begonias reduce the concentration of microorganisms in the ambient air by 43%, Cyperus by 59%, Chrysanthemum parviflorum by 66% (Sinicina et al. 2013) .
The objective of this study was to investigate the effect of some indoor foliage plants on the total number of airborne bacteria and the impact of these plants on UCF.
Results of Sinicina et al. (2013) revealed that phytoncides inhibit the growth of microorganisms, thus may play an important role in plant resistance to pathogens. Different Phytoncides vary in their antimicrobial action, and microorganisms also differ in their sensitivity to these compounds. The following plants contain volatile organic compound (VOC) which can work as antimicrobial compounds; including Aspidistra (Koketsu et al., 1996) , Chlorophytum (Alisha et al. 2014) , Dracaena (Saiyood et al., 2010) Epipremnum aureus and Syngonium podophyllum (Kumar et al., 2014; Sonawane et al., 2011) .
Air ion concentrations have different effects on human health and microorganisms (Perez et al., 2013 ).
This effect depends on proportions of positive and negative ions (Nakane, 2003) . These proportions are characterized by UCF: K = n + /n -, where n+ and n-mean concentration of positive and negative cluster ions (Sinicina et al., 2013) .
MATERIALS AND METHODS
Airborne bacteria communities were sampled at the Horticulture Department, Suez Canal University, Egypt, in 2014 and 2015. A sample was collected from office air and from about 0.2 square meter of double wall glass growth chamber to keep indoor temperature under lower fluctuations. Deposition technique as mentioned by Abdul Wahid et al. (1996) has been adopted for studying air spores. Nutrient agar medium was used, (Lab M. Limited, UK). Petri dishes were incubated for 48 h at 25 o C and bacteria were incubated for 48 h at 37 o C. Three Petri dishes were used for each treatment, the experiment were repeated at the same place. Bacteria colonies were calculated manually. The selected plants were allowed to grow in an aerated glass chamber (about 0.25 m 3 ) with 10 cm computer fan. Inside this chamber, air ion counter and air oxygen meter instruments were installed.
The selected plants were: Aspidistra elatior Blume; Chlorophytum comosum (Thunb), Jacques; Dracaena fragrans (L.) Ker Gawl; Dracaena reflexa Lam.; Epipremnum aureus (Linden and Andre) G.S. Bunting and Syngonium podophyllum Schott. Plants were grown in a 25 cm plastic pots filled with 3:1 sand and peat-moss. Every plant in a plastic pot was wrapped and transferred to the growth chamber. The growth chamber was closed and supplied with 7 watt LED bulb for 16 h per day.
The air sampling was performed for 30 minutes during regular working hours (between 10:00 and 12:00 am) on weekdays according to the techniques mentioned by Abdul Wahid et al. (1996) for studying air spores. Control sample was taken from staff room inside growth room when it was open. Samples were taken from the closed growth room and after 24 hours from leaving every plant inside under light regime as 16 h light from 7 watt LED bulb. At zero time and after 24 hours from leaving plants, a record of both air ions using air ion counter (Alphalab, Inc. USA) or oxygen using oxygen meter was made.
A Foobot instrument model FBT0002000 (DaoHaus Technologies) was used to monitor living space with VOC or not in presence of each plant.
RESULTS AND DISCUSSION
It is clearly shown from Table (1) and graphics (2) that the presence of studied plants in the growth chamber, was the reason for the lack of total number of colonies of airborne bacteria. The higher impact on the bacteria, greater impact to D. marginata plant was obtained with less impact to D. fragrans plant.
This may be referred to the presence of negative air ions as UCF (Charry, 1984) . The positive value of the UCF was recorded in the control treatment was +1.025, meanwhile, the rest of the treatments, which have plants, showed a negative UCF values (Table 1) . It is clearly shown that these plants produce different concentrations of negative ions as well as the oxygen concentrations (Table 1 and diagram 2) .
In this concern, Charry (1984) concluded that air ion concentrations have different effects on microorganisms. Sinicina et al. (2013) added that the indoor air contains less small oxygen ions than the natural air. The results in table (1) indicated that oxygen concentrations increased with plant, so the indoor air quality was improved. On the other hand, Metallic (2012) reviewed that plants emit phytoncides increasing its biological activity and neutralize microorganisms in the air which inhibit the growth of microorganisms (Sinicina et al. 2013) .
Our results indicate that the air quality of office is far from being ideal. However, it can be significantly improved with the help of house plants. Indoor phytodesign or architectural arrangement design with specific selected plants is a scientifically grounded method of using plants for the improvement of indoor air quality. Also, its functions include the purification of the air from dust and chemical compositions which have positive influence on human organism, creating a nice and comfortable environment. 
